The Rb/E2F complex represses S-phase genes both in cycling cells and in cells that have permanently exited from the cell cycle and entered a terminal differentiation pathway. Here we show that S-phase gene repression, which involves histone-modifying enzymes, occurs through distinct mechanisms in these two situations. We used chromatin immunoprecipitation to show that methylation of histone H3 lysine 9 (H3K9) occurs at several Rb/E2F target promoters in differentiating cells but not in cycling cells. Furthermore, phenotypic knock-down experiments using siRNAs showed that the histone methyltransferase Suv39h is required for histone H3K9 methylation and subsequent repression of S-phase gene promoters in differentiating cells, but not in cycling cells. These results indicate that the E2F target gene permanent silencing mechanism that is triggered upon terminal differentiation is distinct from the transient repression mechanism in cycling cells. Finally, Suv39h-depleted myoblasts were unable to express early or late muscle differentiation markers. Thus, appropriately timed H3K9 methylation by Suv39h seems to be part of the control switch for exiting the cell cycle and entering differentiation.
Introduction
The balance between cell proliferation and differentiation is controlled during early G1, before the restriction point (Planassilva and Weinberg, 1997) , and the Rb/E2F pathway plays an essential role in this control (Chan et al, 2001) . The E2F family of transcription factors drives the G1/S transition by activating S-phase genes, whose products are involved in either DNA synthesis, such as DNA pol a or DHFR (Nevins, 1998) , or cell cycle control, such as cyclin E or cyclin D1 (Ohtani et al, 1995; Watanabe et al, 1998; Lee et al, 2000) . Rb, the founding member of the pocket protein family, represses E2F activity. Rb inactivation by hyperphosphorylation triggers the G1/S transition. In addition to being a key element in the control of S-phase genes in cycling cells, Rb/E2F plays a major role in the permanent cell cycle exit that precedes terminal differentiation in a number of tissues including muscle.
Muscle cell terminal differentiation is a multistep genetic program, orchestrated by bHLH transcription factors (Buckingham, 1996) , that begins with the permanent withdrawal of myoblast precursor cells from the cell cycle. In this model tissue, proliferation and differentiation are mutually exclusive: on the one hand, when myoblasts enter the differentiation program, they become unresponsive to mitogenic signals, and S-phase genes become permanently repressed (Walsh and Perlman, 1997) ; on the other hand, cell cycle exit is required for the genetic program of muscle differentiation. Myoblasts that are forced to proliferate, for example by the expression of an oncogenic protein, cannot enter terminal differentiation (Lassar et al, 1989) . Cell cycle withdrawal involves induction of p21, a cdk inhibitor that activates the Rb family (Mal et al, 2000) , resulting in repression of the transcription factor E2F (Novitch et al, 1999) . The next steps in the muscle genetic program involve the sequential activation of muscle-specific markers driven by myogenic bHLH transcription factors in conjunction with various coactivators including histone acetyltransferases (Polesskaya et al, 2000 (Polesskaya et al, , 2001 Puri et al, 1997a, b) and histone methyltransferases (Chen et al, 2002) . Rb family members also participate in this process by acting as coactivators for muscle-specific genes (Novitch et al, 1996; Sellers et al, 1998) .
Thus, Rb proteins are essential in the control of both cell proliferation and differentiation. They exert their functions, at least partly, through the recruitment of various chromatinassociated proteins, in particular histone deacetylases (Brehm et al, 1998; Ferreira et al, 1998 Ferreira et al, , 2001 MagnaghiJaulin et al, 1998) . Histone acetylation is a reversible phenomenon that is generally associated with transcriptional activation, whereas deacetylation is associated with transcriptional repression. In addition, Rb proteins also associate with Dnmt1, a DNA methyltransferase (Robertson et al, 2000) . Finally, a physical and functional interaction has been described between Rb proteins and Suv39h (Nielsen et al, 2001; Vandel et al, 2001; Nicolas et al, 2003) , a family of pericentromeric proteins (Aagaard et al, 1999 Melcher et al, 2000; O'Carroll et al, 2000) with intrinsic histone methyltransferase activity specific for histone H3 lysine 9 (H3K9) . This modification is associated with the transcriptionally silenced heterochromatin compartment (Noma et al, 2001) . Histone H3 methylated on K9 specifically binds proteins of the heterochromatin protein 1 (HP1) family, thereby controlling the subcellular localization of these proteins Lachner et al, 2001) . Histone H3K9 methylation has been linked to both DNA methylation (Tamaru and Selker, 2001; Fuks et al, 2003) and X-chromosome inactivation (Heard et al, 2001) . In mice, the absence of functional Suv39h results in elevated embryonic lethality and a high frequency of leukemia (Peters et al, 2001) , which is accompanied by chromosomal instability and illegitimate chromosome association during meiosis, as also observed in a variety of other organisms (Ekwall et al, 1996; Peters et al, 2001) . Thus, both histone deacetylases and histone methyltransferases specific for H3K9 may be involved in Rb/E2F function.
In order to gain knowledge about the mechanisms involved in S-phase gene repression-whether transient (cycling cells) or permanent (differentiating cells)-we have addressed the involvement of histone-modifying enzymes in the two cell models. We analyzed histone modifications on E2F target promoters using chromatin immunoprecipitation (ChIP) experiments and found that histone acetylation at the E2F target promoter DHFR varies depending on the activity of the promoter, in both cycling cells and differentiating muscle cells. In contrast, we found no changes in histone H3 methylation on lysine 9 in cycling cells, but a marked increase of lysine 9 methylation in differentiating cells, suggesting that histone H3K9 methylation is specifically associated with differentiation. Methylation of H3K9 was also observed in differentiating cells at other S-phase gene promoters including B-Myb, Cyclin-E and Cyclin-D1. Phenotypic knock-down of Suv39h protein with siRNAs (Elbashir et al, 2001 ) did not affect the expression level of cyclin D1 or cyclin A2, two E2F target proteins, in cycling cells. Furthermore, inhibiting Suv39h did not perturb cell cycle distribution. In contrast, inhibiting Suv39h markedly perturbed the silencing of Cyclin-D1 and Cyclin-A2 genes under differentiation conditions: myoblastic cells transfected with Suv39 siRNA expressed low levels of cyclin D1 or cyclin A2 in the absence of serum; however, in contrast to normal differentiating myoblasts, reintroduction of serum induced high levels of both cyclins in these cells. Normal gene silencing was substantially restored by ectopic expression of an siRNA-resistant conservative mutant of Suv39h, indicating that the effect was indeed due to decreased Suv39h levels and not simply due to triggering the siRNA system. Depletion of Suv39h caused a marked decrease in H3K9 methylation at the cyclin D1 promoter, as well as at the promoters of other S-phase genes. Finally, inhibition of Suv39h markedly affected the differentiation program, altering expression of early and late muscle marker proteins, in a myoblastic cell line as well as in primary myoblasts. Normal expression of these proteins was restored by ectopic expression of the siRNAresistant mutant of Suv39h. These data establish that the pericentromeric protein Suv39h is required for both the silencing of proliferation-associated genes and the activation of muscle differentiation markers. More importantly, they indicate that two distinct mechanisms are used for S-phase gene control: Suv39h-independent transient repression in cycling cells, and Suv39h-dependent permanent silencing in differentiating cells.
Results

Histone modifications at S-phase gene promoters
We analyzed histone modifications at the promoter of DHFR, an E2F target gene, using ChIP experiments. These experiments were performed with cycling cells (NIH3T3 fibroblasts) and terminally differentiating cells (mouse myoblastic cell line C2C12). Our results ( Figure 1A ) demonstrate that histone acetylation varies with the activity of the promoter in both situations: histone H3 acetylation was low in cycling cells during early G0 ( Figure 1A , DHFR/fibroblast), as we have previously shown for histone H4 ( , and was also low in differentiating myoblasts ( Figure 1A , DHFR/ myoblast). Acetylation of both histone H3 ( Figure 1A ) and histone H4 (data not shown) is higher when the promoter is activated, during the G1/S transition in cycling fibroblasts, or in proliferating myoblasts. A GAPDH control sequence that is constitutively expressed did not show any variation in histone acetylation in either cycling cells (data not shown; Ferreira et al, 2001) or differentiating cells ( Figure 1A , GAPDH/myoblast).
In contrast, histone H3 methylation on lysine 9 showed no significant variation during the cell cycle in fibroblasts ( Figure 1B , DHFR/fibroblast). In differentiating myoblasts, however, it increased markedly compared to proliferating cells ( Figure 1B , DHFR/myoblast), whereas no increase was observed for the constitutively expressed GAPDH sequence ( Figure 1B , GAPDH/myoblast). A time course analysis ( Figure 1C ) revealed that methylation of histone H3K9 at the DHFR promoter was an early event that was detected after 1 day of differentiation. These data indicate that whereas histone acetylation increases following DHFR gene activation both in cycling fibroblasts and in proliferating myoblasts, H3K9 methylation increases only in differentiating myoblasts, concomitant with the silencing of the gene. In order to test whether methylation on H3K9 occurred on other S-phase genes, we performed ChIP analysis of B-Myb, Cyclin-E and Cyclin-D1 promoters. In all three cases, methylation increased in differentiating myoblasts, compared to proliferating cells (Figure 2 ). These results strongly suggest that H3K9 methylation is a general feature of S-phase gene promoters in differentiating cells.
Suv39h is responsible for S-phase gene silencing in differentiating cells
Several mammalian enzymes have been shown to methylate histone H3 on lysine 9, including the heterochromatin enzyme Suv39h and the G9A enzyme (Tachibana et al, 2001 ) that preferentially acts on euchromatin (Tachibana et al, 2002) . Suv39h, however, has been previously connected to E2F target gene control (Nielsen et al, 2001; Vandel et al, 2001) , and thus seems to be a more likely candidate for Sphase gene inhibition. Quantitative RT-PCR experiments showed that Suv39h mRNA is expressed in proliferating myoblasts (Figure 3 ). Its expression decreases during the first hours of differentiation to around 50% of the original level and remains stable for 3 days, after which it drops to undetectable levels.
In order to address the role of Suv39h in S-phase gene control, we designed an siRNA corresponding to a sequence shared by the two murine as well as human isoforms of Suv39h, Suv39h1 and h2, as depicted in Figure (Suv39 siRNA). A scrambled sequence was used as a negative control (control siRNA). A search in sequence libraries indicated that our Suv39h siRNA sequence is restricted to Suv39h1 and Suv39h2, and the control siRNA sequence is absent altogether. The siRNA was transfected into a high proportion of myoblastic cells ( Figure 4B ). In a stable transfectant cell line derived from HeLa cells ( Figure 4C ), as well as when transiently expressed in myoblastic cells ( Figure 4D ), it almost completely inhibited the expression of Myc-tagged Suv39h1.
We used these siRNAs to investigate the role of Suv39h in S-phase gene control, in both cycling and differentiating cells. Due to the lack of a reliable antibody recognizing the Suv39h protein, the efficiency of the siRNA was routinely monitored Promoter activity + − prol. dif.
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Antibody H3meK9 Promoter activity + − at the level of the target mRNA, using real-time RT-PCR, and results can be found in the legends of the corresponding figures. NIH3T3 fibroblasts were transfected with control or Suv39h siRNAs, prior to synchronization by serum deprivation. We monitored the expression of cyclin D1, whose gene promoter is, at least in part, controlled by E2F (Watanabe et al, 1998; Lee et al, 2000) , at different time points as described in Figure 5A . Inhibition of Suv39h did not significantly affect the expression of cyclin D1, nor did it affect the cell cycle as assayed by FACS analysis (data not shown). Thus, Suv39h is not involved in the regulation of the Cyclin-D1 gene in cycling cells. To explore the role of Suv39h in differentiating cells, C2C12 cells were transfected with siRNAs, cultured in differentiation medium for 4 days, and then treated with serum for 10 h, as described in Figure 5B . Under normal conditions, differentiated myoblasts are unresponsive to mitogenic signals and indeed differentiating cells treated with control siRNA expressed very little cyclin D1 in response to serum, the residual level of cyclin D1 detected being most likely due to cells that are refractory to differentiation. Similarly, differentiating cells treated with Suv39 siRNA expressed little cyclin D1 in the absence of serum. However, treatment of these cells with serum induced a much higher level of cyclin D1 than in control cells ( Figure 5B ). This result suggests that Suv39h is involved in the silencing of the Cyclin-D1 gene in differentiating cells. To demonstrate that the absence of Suv39h was responsible for the inappropriate cyclin D1 expression in these cells, we performed rescue experiments using an siRNA-resistant conservative mutant. Conservative mutations that do not affect the protein sequence were introduced into five codons located in the siRNA target sequence ( Figure 6A ). The resulting mSuv39h1 protein was entirely resistant to inhibition by Suv39 siRNA, as shown in a transient cotransfection assay ( Figure 6B ). Transfection of the expression vector for mSuv39h1 together with Suv39 siRNA restored the silencing of cyclin D1 protein expression in differentiating myoblasts, whereas transfection of the empty vector did not have any effect ( Figure 6C ). Thus, taken together, these data demonstrate that Suv39h protein is essential for the silencing of the Cyclin-D1 gene during muscle terminal differentiation. Similar results were obtained with the S-phase cyclin, cyclin A2, which is strongly reduced in differentiating cells. Cyclin A2 expression in response to serum was much higher in cells depleted of Suv39h than in cells treated with the control siRNA. Normal silencing was restored upon expression of the siRNA-resistant Suv39h expression vector (mSuv, Figure 6C ).
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Promoter activity + − ), and RNA was extracted and analyzed by Northern blot using indicated probes. Inhibition of Suv39h was 79% as measured by RT-PCR. These experiments were repeated 2-4 times.
Suv39h and S-phase gene silencing S Ait-Si-Ali et al B-Myb and Cyclin-E, but did not affect GAPDH used as a control. These experiments demonstrate that Suv39h is the enzyme responsible for H3K9 methylation at these promoters in differentiating cells. Interestingly, depletion of Suv39h did not result in a general demethylation of H3K9 in myoblast nuclei (data not shown), in contrast to results in mouse embryonic fibroblasts (MEFs) from double knockout mice (Peters et al, 2001 ). This could suggest that Suv39h is not responsible for the majority of H3K9 methylation in the myoblastic lineage. Methylation, however, is thought to be a stable modification since no histone demethylase has been identified so far; therefore, demethylation most likely would require several cell divisions and would not be observed within the time frame of these experiments (2-3 days). (Skapek et al, 1995) . Under conditions of low Suv39h expression, cyclin D1 protein is low in the absence of serum, and is only induced by mitogenic signals ( Figure 5B and C). Nevertheless, Suv39h-depleted cells show a poor differentiation capacity: the proportion of cells fusing into myotubes was much lower in Suv39h-depleted cells ( Figure 8A ), and the expression of muscle markers was greatly impaired. In particular, myogenin, an early marker of the cell differentiation program, was expressed much less in cells treated with Suv39 siRNA than in control cells ( Figure 8B ). Myogenin expression was partially restored by ectopic expression of the siRNA-resistant mutant (mSuv, Figure 8C ). The expression of late markers was also affected by inhibition of Suv39h ( Figure 8D ): the expression of myosin heavy chain (MHC), as well as muscle creatine kinase (MCK), was lower in cells treated with Suv39 siRNA than in control cells. Furthermore, similar results were obtained in primary myoblasts in which the knock-down of Suv39h dramatically affected the expression of the late muscle-specific marker MCK ( Figure 8E ). Taken together, these results indicate that Suv39h inhibition affects the differentiation program at both early and late stages.
Suv39h is required for myoblastic differentiation
Discussion
Two distinct mechanisms for S-phase genes repression/ silencing in cycling and differentiating cells
We have investigated histone modifications at S-phase gene promoters in cycling or differentiating cells. Whereas histone acetylation varied as a function of gene activity, histone H3K9 methylation remained low throughout the cell cycle in proliferating cells, but increased significantly in terminally differentiating myoblasts (Figures 1 and 2) . In Figure 5B ; extracts were analyzed by Western blotting using anti-cyclin D1 or -cyclin A2 antibodies, as indicated. Suv39h1 mRNA was downregulated by 80% in the experiment shown. These experiments were repeated twice.
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H3K9 methylation at S-phase gene promoters in cycling cells?
Our findings that H3K9 is not methylated in cycling fibroblasts contradict those of Nicolas et al (2003) , who found H3K9 methylation at the DHFR promoter in growtharrested fibroblasts. This discrepancy is probably due to the ), and extracts were analyzed by Western blotting with anti-MHC and -MCK antibodies. Suv39h mRNA was downregulated by 80-86% in these experiments. These experiments were repeated 2-3 times. (E) Primary myoblasts were transfected with siRNAs using Lipofectamine (experiment 1) or Lipofectamine 2000 (experiment 2); inhibition of Suv39h was 74.1 and 73.9%, respectively. Cells were placed in differentiation medium for 2 days, and assayed for MCK expression.
Suv39h and S-phase gene silencing S Ait-Si-Ali et al antibodies used: they used an antibody directed against a regular linear peptide, which gives a low signal to noise ratio in ChIP experiments (data not shown). We, on the other hand, have used an antibody raised against a 'branched peptide', designed to mimic condensed heterochromatin (Peters et al, 2001) , that has been thoroughly characterized: it preferentially recognizes trimethylated H3K9, but also binds to dimethylated H3K9 and shows a mild reactivity with H3 methylated on other lysines (in our experiments, the binding that we see is most likely due to methylated H3K9 since most of the binding is sensitive to Suv39h depletion, see Figure 7 ). A major difference between the two antibodies is that the anti-'branched' antibody used here clearly labels heterochromatin whereas the anti-'linear' antibody shows a widespread labeling of the nucleus (data not shown). Thus, an interesting hypothesis is that, in cycling cells, H3K9 methylation at S-phase gene promoters does occur, but in the euchromatin compartment, without chromatin condensation and possibly in a qualitatively different manner. However, if methylation of H3K9 does occur in cycling cells, it does so independently of the heterochromatin-associated protein Suv39h, as inhibition of Suv39h does not perturb S-phase gene repression in fibroblasts ( Figure 5 ). This result is in good agreement with data obtained with Suv39hÀ/À fibroblasts, which do not show any abnormal phenotype in G1 phase (Peters et al, 2001) , indicating that histone H3K9 methylation by Suv39h is not involved in cycling cells. In contrast, in differentiating cells, H3K9 methylation is due to Suv39h since it is sensitive to Suv39h depletion. Furthermore, it is detected using the anti-'branched' antibody and thus is likely to be associated with condensation and local heterochromatinization.
Silencing, but not repression, of S-phase genes is impaired in Suv39h-low myoblasts Under normal conditions, serum removal triggers terminal differentiation in myoblasts. The differentiating cells become refractory to mitogenic signals: they do not express S-phase genes; moreover, these genes cannot be re-expressed upon serum addition. Differentiating C2C12 cells with reduced levels of Suv39h showed a low level of cyclin D1 or cyclin A2 expression-comparable to control cells-in the absence of mitogenic signals; however, in contrast to control cells, they expressed high levels of cyclins in response to serum. In rescue experiments, a normal inhibition was restored by ectopic expression of a Suv39h form that resists knockdown by siRNA, indicating that the abnormal responsiveness to serum of Suv39h-deficient cells was indeed due to the inhibition of Suv39h, and not to other nonspecific effects. Notably, the above result indicates that the corresponding genes are not constitutively de-repressed in the absence of Suv39h, analogous to the results obtained in cycling fibroblasts, where low levels of expression were observed in early G1. Thus, in both cell types, S-phase genes are normally repressed in the absence of mitogenic signal. Inhibiting Suv39h perturbs an additional control mechanism that is triggered only in differentiating cells: Suv39h is required to lock S-phase genes into a silenced state. Suv39h is probably not required, however, for the maintenance of this state, as its expression decreases at late times of differentiation. Suv39h is a pericentromeric protein, and it is unclear how it could directly regulate-by locally modifying histone H3-gene promoters that are not located in the heterochromatin compartment. It is possible that some signals of unknown origin activate a heterochromatinization pathway for S-phase gene promoters in differentiating cells. The results of ChIP experiments with antibodies directed against HP1 proteins, as well as phenotypic knock-down of these proteins with siRNAs, indicate that some of the HP1 proteins are recruited to S-phase gene promoters upon differentiation (S Ait-Si-Ali, L Fritsch and A Harel-Bellan, unpublished observations), supporting the heterochromatinization hypothesis. Furthermore, our preliminary data suggest that, indeed, an Sphase gene promoter can migrate from the euchromatin to the heterochromatin compartment upon myogenic terminal differentiation (V Guasconi, S Ait-Si-Ali and A Harel-Bellan, unpublished observations).
Muscle marker expression is perturbed in Suv39h-low myoblasts Cells with reduced levels of Suv39h did not differentiate, and early (myogenin) or late (MHC, MCK) muscle differentiation markers were negatively affected. These data indicate that Suv39h is required for activation of the muscle differentiation program. It is noteworthy that Rb proteins, with which Suv39h forms complexes, are coactivators for various transcription factors including C/EBP (Chen et al, 1996) and myogenic bHLHs such as MyoD (Novitch et al, 1996) . This function of Rb can be distinguished from E2F repression by mutational analysis (Sellers et al, 1998) , although its precise mechanism is unknown. It is tempting to speculate that Suv39h is also involved in the coactivating functions of Rb independent of its effect on S-phase genes. In that case, the effects on S-phase genes would be an indirect consequence of the failure to differentiate properly. A more likely hypothesis, however, is that inhibiting Suv39h affects the 'main control switch' of cell proliferation and differentiation in muscle. Indeed, activation of muscle-specific genes requires permanent cell cycle exit (Wang et al, 1996) . Thus, the absence of muscle marker proteins could be an indirect effect of S-phase gene deregulation (mis-silencing) in Suv39 siRNA treated cells.
Both early (myogenin) and late (MHC, MCK) muscle genes are inhibited in the absence of Suv39h, even though, under normal conditions, Suv39h mRNA levels decrease as cells progress along the differentiation pathway. It is likely that inhibition of late genes is an indirect consequence of the inhibition of early genes, and in particular of myogenin, which plays a central role in late gene activation (Hasty et al, 1993) . This hypothesis is consistent with the kinetics of Suv39h expression in differentiating cells (Figure 3) , which suggests a function in early differentiation; we believe that this function is the silencing of S-phase genes, muscle gene inhibition in Suv39h-low cells being due to the mis-silencing of S-phase genes.
Is Suv39h-dependent silencing of S-phase genes restricted to permanent cell cycle exit? A silencing mechanism similar to the one we describe here has been reported for S-phase genes during senescence (Narita et al, 2003) . Interestingly, in both senescent and differentiating cells, exit from the cell cycle becomes permanent. Thus, our data support a model in which two distinct mechanisms are used for regulating S-phase genes. In cycling cells, S-phase genes are repressed by a reversible mechanism that involves local histone deacetylation but not H3K9 methylation. In cells permanently exiting from the cell cycle, a silencing process that requires histone methylation occurs in addition to repression by deacetylation. Thus H3K9 seems to be part of the 'main switch' that controls cell proliferation and differentiation. The molecular relationship between the silencing process and the ability of cells to enter the terminal differentiation pathway is a key issue for understanding the balance between cell proliferation and differentiation.
Materials and methods
Cell culture and transfections C2C12 skeletal myoblasts, NIH3T3 fibroblasts and stably transfected HeLa cells were cultured under standard conditions. Mouse primary myoblasts were prepared as previously described (Polesskaya et al, 2003) . To induce terminal differentiation, C2C12 cells were placed in differentiation medium (DMEM supplemented with 0.5% fetal calf serum) as in Polesskaya et al (2001) , and primary myoblasts were treated as in Polesskaya et al (2003) . NIH3T3 cells were synchronized by placing them in DMEM supplemented with 0.5% fetal calf serum, and then treated with 20% FCS for 0 h (G0) or 12 h (G1/S). Cell cycle position was monitored by FACS analysis: in the G0 sample, 80-85% of the cells were in G0/G1 and 10-15% in S; in the G1/S sample, 60-65% of the cells were in G1 and 30-35% in S. Transfections were carried out with a Polyfect kit (Qiagen) or a Lipofectamine kit (Invitrogen). For fluorescence analysis, cells were grown and transfected on glass coverslips, and fixed using paraformaldehyde.
Formaldehyde crosslinking and chromatin immunoprecipitation
Chromatin preparation and immunoprecipitation were performed as described in Ferreira et al (2001) , with a crosslinking time of 10 min at 371C and sonication to an average length of 300-800 bp. Extracts were standardized by nondenaturing gel electrophoresis, and standardization was verified by quantitative PCR (Q-PCR) using a LightCycler (Roche Diagnostics).
Rabbit anti-methyl-K9 histone H3 (H3K9) antibodies raised against a 'branched' peptide corresponding to dimethylated H3K9 were kindly provided by T Jenuwein (Vienna, Austria). This antibody preferentially recognizes trimethylated H3K9, but also binds to dimethylated H3K9 and mildly crossreacts with other methylated lysines in histone H3; this antibody labels preferentially the heterochromatin dots of interphasic nuclei as shown by immunofluorescence experiments (data not shown). The association that we observe with S-phase gene promoters, however, is most likely due to H3K9 methylation since it depends on the proper expression of Suv39h in cells (Figure 7 ). Anti-acetyl histone H3, which recognizes pan-acetylated histone H3 (AcH3), and anti-acetyl histone H4 (AcH4) were purchased from Upstate Biotech. In all, 50 mg of sonicated chromatin was used for anti-AcH3 or anti-AcH4, and 150 mg for anti-H3meK9. Oligonucleotides used in the Q-PCR experiments are as follows: B-Myb: Fw: TAGGCCCCTCC TAGGGTTCT; Rev: AGGTCTGGTCGCACGTTC; cyclin E: Fw: TGAGGGGCTCGCAGCCCTCG; Rev: CCCGGCTTCGAGCGGGACAT; cyclin D1: Fw: TCACTGCTCCCGAGCC; Rev: CCGTGTGACGT TACTGTTGT. Oligonucleotides used for DHFR and GAPDH were previously described .
Samples were analyzed by Q-PCR on a LightCycler, and copy numbers were calculated as described in Ferreira et al (2001) . Two different dilutions of each sample were analyzed independently.
RT-PCR mRNAs were purified using a GenElute RNA kit (Sigma). Quantitative RT-PCR (Q-RT-PCR) of Suv39h was carried out in hybridization format using a kit from Roche (details available upon request). Primers were: external: forward: ACCTGTGCCGACTAGC CAAG; reverse: CCACGCCACTTAACCAGGTA; internal probes: forward: TGCCCTTGGTGTTTCT-3 0 -fluorescein; reverse: red640-5 0 -GAAGAATCTGTATGAC. Q-RT-PCR of GAPDH has been performed in SYBR Green format. Primers were: forward: CCAATGTGTC CGTCGTGGATCT; reverse: GTTGAAGTCGCAGGAGACAACC. Results from Q-RT-PCR are presented as the ratio of Suv39h mRNA to GAPDH mRNA values. siRNAs Synthetic siRNAs were purchased from Genset Proligo (France) or MWG Biotech (Germany).
Western and Northern blotting
Monoclonal anti-myogenin antibody (F.5D, kind gift of WE Wright), anti-a-tubulin antibody (Sigma), anti-cyclin A2 (Santa Cruz), rabbit anti-MCK (kindly provided by H Ito) and anti-MHC (MY-32; Sigma) antibodies were used as described in Polesskaya et al (2001) . Anticyclin D1 antibodies were either a rabbit polyclonal (Santa Cruz Biotechnology) used at 1:500 dilution or a mouse monoclonal (Zymed) used at 2.5 mg/ml. Northern blots were performed using standard procedures.
